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57 ABSTRACT

An encryption key management system and method imple-
ments enterprise managed encryption key for an enterprise
using encryption for cloud-based services. In some embodi-
ments, the enterprise deploys a key agent on the enterprise
data network to distribute encryption key material to the
network intermediary on a periodic basis. The network inter-
mediary receives the encryption key material from the enter-
prise and stores the encryption key material in temporary
storage and uses the received encryption key material to
derive a data encryption key to perform the encryption of the
enterprise’s data. In this manner, the enterprise can be pro-
vided with the added security assurance of maintaining and
managing its own encryption key while using cloud-based
data storage services. The encryption key management sys-
tem and method can be applied to ensure that the enterprise’s
one or more encryption keys do not leave the enterprise’s
premises.

18 Claims, 8 Drawing Sheets
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1
ENCRYPTION IN THE CLOUD USING
ENTERPRISE MANAGED KEYS

CROSS REFERENCE TO OTHER
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 62/007,855, entitled ENCRYPTION IN
THE CLOUD USING ENTERPRISE MANAGED KEYS,
filed Jun. 4, 2014, which is incorporated herein by reference
for all purposes.

BACKGROUND OF THE INVENTION

Cloud computing is the use of computing resources,
including hardware and software, that are delivered as a ser-
vice over a network, typically the Internet. As cloud comput-
ing achieves increased popularity and adoption of cloud-
based services by businesses increases, concerns over
security and risks of using these cloud-based services become
significant. Traditionally, systems and software applications
were deployed in enterprise environments, such as within an
enterprise’s own private data network, with strict controls and
policies to ensure that data and usage are compliant with the
enterprise’s standards. However, the adoption of cloud-based
services offered by third parties creates a potential mismatch,
or complete absence, of expected enterprise level controls.
Enterprises are faced with the challenge of accessing risk
exposure associated with the use of cloud-based services in
order to apply compensating controls.

With cloud-based services coming into widespread use,
data security for data and files stored on the cloud-based
service providers become an important issue.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention are disclosed in the
following detailed description and the accompanying draw-
ings.

FIG. 1 is a block diagram illustrating a network interme-
diary implementing encryption of cloud data on behalf of an
enterprise in some embodiments.

FIG. 2 is a block diagram of an encryption key manage-
ment system in embodiments of the present invention.

FIG. 3 is a flowchart illustrating an encryption key man-
agement method in embodiments of the present invention.

FIG. 4 is a block diagram of an encryption key manage-
ment system in alternate embodiments of the present inven-
tion.

FIG. 5 is a flowchart illustrating an encryption key man-
agement method in alternate embodiments of the present
invention.

FIG. 6 illustrates the structure of the trust model between
the key agent and the network intermediary in the encryption
key management system in embodiments of the present
invention.

FIG. 7 is a block diagram of a network intermediary incor-
porating an encryption service in embodiments of the present
invention.

FIG. 8 is a flowchart of a method in a network intermediary
providing encryption service embodiments of the present
invention.

DETAILED DESCRIPTION

The invention can be implemented in numerous ways,
including as a process; an apparatus; a system; a composition
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of matter; a computer program product embodied on a com-
puter readable storage medium; and/or a processor, such as a
processor configured to execute instructions stored on and/or
provided by a memory coupled to the processor. In this speci-
fication, these implementations, or any other form that the
invention may take, may be referred to as techniques. In
general, the order of the steps of disclosed processes may be
altered within the scope of the invention. Unless stated oth-
erwise, a component such as a processor or a memory
described as being configured to perform a task may be imple-
mented as a general component that is temporarily configured
to perform the task at a given time or a specific component
that is manufactured to perform the task. As used herein, the
term ‘processor’ refers to one or more devices, circuits, and/or
processing cores configured to process data, such as computer
program instructions.

A detailed description of one or more embodiments of the
invention is provided below along with accompanying figures
that illustrate the principles of the invention. The invention is
described in connection with such embodiments, but the
invention is not limited to any embodiment. The scope of the
invention is limited only by the claims and the invention
encompasses numerous alternatives, modifications and
equivalents. Numerous specific details are set forth in the
following description in order to provide a thorough under-
standing of the invention. These details are provided for the
purpose of example and the invention may be practiced
according to the claims without some or all of these specific
details. For the purpose of clarity, technical material that is
known in the technical fields related to the invention has not
been described in detail so that the invention is not unneces-
sarily obscured.

Inembodiments of the present invention, an encryption key
management system and method implements enterprise man-
aged encryption key for an enterprise using encryption for
cloud-based services. In this manner, the enterprise can be
provided with the added security assurance of maintaining
and managing its own encryption key while using cloud-
based data storage services. The encryption key management
system and method can be applied to ensure that the enter-
prise’s one or more encryption keys do not leave the enter-
prise’s premises. A salient feature of the encryption key man-
agement system of the present invention is that the system
enables a network intermediary to broker encryption keys
from an on-premises key server or a hardware security mod-
ule (HSM) of an enterprise for encryption of sensitive data
stored in cloud service providers used by the enterprise.

In the present description, a “cloud-based service” or
“cloud service” refers to computing resources, including
hardware and software, that are delivered as a service over a
data network. In most cases, the cloud service is deployed on
the publicly available Internet. In embodiments of the present
invention, the cloud-based service may also be deployed on a
private data network of an enterprise, or be deployed on a
third party private data network, or be deployed on a personal
data network. Furthermore, in the present description, “cloud
content” or “cloud data” refers to data or files being processed
or stored on a cloud-based service on behalf of an enterprise.
The cloud-based service may be a cloud storage service,
customer relationship management (CRM) services, infor-
mation technology (IT) services or other types of cloud ser-
vices. The cloud data or content may be stored as data files or
in other formats.

With the proliferation of cloud-based services, an enter-
prise may wish to adopt one or more cloud-based services for
data storage or other applications. Furthermore, the enterprise
may deploy security measures to monitor and control the use
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of'the cloud-based services from the enterprise’s own private
data network or by the enterprise’s employees and users. In
some cases, an enterprise data network redirects network
traffic between a client device and a cloud-based service
through a network intermediary. The client device may be
situated within the enterprise data network or be associated
with the enterprise. The network intermediary may provide
monitoring and assessment of the enterprise’s cloud usage.

In some cases, the network intermediary is used to provide
additional security functions, such as data encryption for
uploaded data, such as encryption of sensitive data to be
stored in a cloud service provider. FIG. 1 is a block diagram
illustrating a network intermediary implementing encryption
of’cloud data on behalf of'an enterprise in some embodiments.
Referring to FIG. 1, an enterprise may operate an enterprise
data network 10 including one or more network servers 12
communicating with one or more user devices 18. The enter-
prise data network 10 includes an enterprise network edge 14,
such as a proxy server, which is used to communicate with a
public data network 20, such as the publicly accessible Inter-
net. The enterprise or users of the enterprise data network 10
may wish to use one or more cloud services provided by cloud
service providers, such as cloud service 30, that are deployed
on the public data network 20. Network traffic form the user
device 18 is sent to the network server 12 and travels to the
enterprise network edge 14 and then onto the cloud service
providers. Network traffic from the cloud service providers
are received at the enterprise network edge 14 and then trans-
mitted onto the network server 12 to be distributed to the user
device 18.

To ensure security associated with the use of one or more
cloud based services, the enterprise may redirect all network
traffic destined for one or more cloud service providers
through a network intermediary 25, which can be imple-
mented as a network proxy server. In the present description,
a proxy server refers to a server, which can be a computer
system or a software application, that acts as an intermediary
for requests from clients seeking resources from other serv-
ers. The network intermediary 25 may be configured as
reverse/forward proxies. Thus, requests and data from the
user device are intercepted by the network intermediary 25
before reaching the cloud service 30. In the following
description, the term “data” will be used to refer to data or
files in any format that is being exchanged in the network
environment described herein. The network intermediary 25
performs encryption of the data before sending the data onto
the cloud service. The cloud-based service may be a cloud
storage service, customer relationship management (CRM)
services, information technology (IT) services or other types
of cloud services. In one embodiment, the network interme-
diary 25 is a cloud-based service and may be deployed on the
publicly accessible Internet, such as public data network 20.
In other embodiments, the network intermediary 25 may be
deployed on a private data network of an enterprise, or be
deployed on a third party private data network.

In some embodiments, the network intermediary 25
includes an encryption system 26 which encrypts and
decrypts data based on one or more encryption algorithms.
The data can be a file or data in other formats. The encryption
system may utilize keys, algorithms, pseudo random number
generators and encoding algorithms suitable for encrypting
the data from the user device.

As thus configured, the user device 12 in the enterprise data
network 10 uploads data to be processed or stored on the
cloud service 30. The user’s data are intercepted by the net-
work intermediary 25. The network intermediary 25 encrypts
the data and forwards the encrypted data to the cloud service
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provider 30 on behalf of the enterprise. In this manner, data
security is ensured as data are stored on the cloud service 30
in an encrypted format. Any person accessing the cloud data
on the cloud service provider directly will only see encrypted
data. When data is to be retrieved from the cloud service 30,
the network intermediary 25 retrieves the data and decrypts
the data. The decrypted data is then provided to the requesting
user device 18 of the enterprise data network 10. With the use
of the network intermediary, the enterprise makes use of
cloud based services with the security of the cloud data and
content being encrypted at rest.

In the system configuration of FIG. 1, with the network
intermediary performing encryption of the enterprise’s data
destined for cloud-based services, management of the
encryption key remains a challenge. The network intermedi-
ary needs to have in possession an encryption key to perform
the encryption for the enterprise. However, in some cases, the
enterprise does not wish to share the encryption key with the
network intermediary due to security concern or company
security policy. In other cases, regulatory rules require the
enterprise to have the cloud data encryption key stored on the
enterprise’s premises. Thus, while the enterprise wishes to
use cloud services with data being stored encrypted at rest, the
enterprise must also be able to manage their encryption keys
in accordance with security and regulatory policies.

Inembodiments of the present invention, an encryption key
management system and method implements enterprise man-
aged encryption key. An enterprise uses a network interme-
diary to intercept and encrypt data sent from the enterprise to
be processed or stored on a cloud based service. In some
embodiments, the enterprise deploys a key agent on the enter-
prise data network to distribute encryption key material to the
network intermediary on a periodic basis. The network inter-
mediary receives the encryption key material from the enter-
prise and stores the encryption key material in temporary
storage only. The network intermediary uses the received
encryption key material to derive a data encryption key to
perform the encryption of the enterprise’s data. In some
embodiments, the key agent can be implemented in software,
or hardware or both.

FIG. 2 is a block diagram of an encryption key manage-
ment system in embodiments of the present invention. Refer-
ring to FIG. 2, the encryption key management system is
implemented in a key agent 40 deployed within the enterprise
data network 10. The key agent 40 is in communication with
an on-premises hardware security module (HSM) 45. The
HSM 45 is running within the enterprise data network 10 and
stores the encryption keys of the enterprise data network. For
example, the HSM 45 may store therein the enterprise’s key
encryption key (KEK). In the present description, a hardware
security module (HSM) is a physical computing device that
safeguards and manages digital keys for strong authentication
and provides encryption and decryption processing.

In other embodiments, the HSM 45 is implemented as a
virtual HSM that is running on a third party data network. The
virtual HSM, although deployed on a third party data net-
work, may provide the same level of security assurance as if
the enterprise is managing the keys. For example, the enter-
prise may manage the lifecycle of'its keys on the HSM. When
a virtual HSM is used to store the enterprise’s encryption
keys, the encryption keys are not physically hosted on the
enterprise’s premises. However, the enterprise still controls
the key encryption key (KEK) which is provided to the virtual
HSM and thus maintains control of the virtual HSM.

Whether a physical or a virtual HSM is used, a particularly
useful property of the HSM is that encryption keys are gen-
erated within the module and the keys never leave the HSM.
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In this manner, the enterprise can be assured that its encryp-
tion keys remain within its control and management. In the
present description, the HSM 45 is described as being imple-
mented in a vaulted HSM which can be a physical module
deployed on the enterprise’s premises or a virtual module
deployed on a third party data network.

The encryption key management system manages the key
authentication as follows. The vaulted HSM 45 has stored
therein a key encryption key (KEK) 48, such as from a system
administrator 49 of the enterprise. The KEK 48 is stored in the
vaulted HSM 45 and is never distributed outside of the vaulted
HSM 45. The KEK is used to encrypt and decrypt a key
material (KM) which may be provided or generated by the
key agent 40. The key material KM is to be distributed to the
network intermediary 25. The network intermediary 25
receives the key material and uses a key derivation function
(KDF) 28 to derive or generate a data encryption key (DEK).
The network intermediary 25 then uses the DEK in the
encryption of the enterprise’s data to be stored on a cloud
service. The network intermediary 25 also uses the DEK in
the decryption of the enterprise’s data retrieved from a cloud
service provider through the network intermediary.

The network intermediary 25 stores the KM only in short-
term or temporary memory. The KM expires after a given
time duration and the network intermediary 25 must receive
updated key material (KM) provided by the key agent 40 in
order to continue to encrypt or decrypt data on behalf of the
enterprise. In some embodiments, the key agent 40 distributes
KM to the network intermediary 25 on a periodic basis, such
as every 5 minutes.

As thus configured, the DEK used by the network interme-
diary 25 is derived from the KEK of the enterprise but the
network intermediary is never provided with the enterprise’s
KEK and the network intermediary never uses the KEK in the
encryption or decryption of data. Thus, the enterprise can
maintain the security of its encryption key while using the
network intermediary to provide encryption of data atrest. In
the event that the enterprise wishes to revoke the authoriza-
tion, the enterprise may simply revoke the KEK. With the
KEK revoked, all the DEK previously generated becomes
invalid and the network intermediary will no longer be able to
encrypt or decrypt data on behalf of the enterprise. The net-
work intermediary must receive new key material and once
again generates new DEK using the key derivation function
(KDF) and the new key material.

The operation of the encryption key management system
will now be described with reference to the flowchart in FIG.
3. FIG. 3 is a flowchart illustrating an encryption key man-
agement method in embodiments of the present invention. In
the present example, the encryption key management method
is implemented at the key agent 40 which can be implemented
in software, hardware or both. The key agent 40 is in com-
munication with the vaulted HSM 45 of the enterprise which
maintains a KEK 48 of the enterprise.

Referring to FIGS. 2 and 3, the encryption key manage-
ment method 100 starts at 102 where the key agent 40 creates
or generates a key material (KM) 42. For example, the key
material 42 may be generated during startup or installation
time of the key agent. The key agent 40 then requests the
vaulted HSM 45 to encrypt the key material 42 using the KEK
48 of the enterprise (104). The key agent 40 receives the
encrypted key material (EKM) from the vaulted HSM,
encrypted using the KEK of the enterprise (106). The key
agent 40 stores the EKM in a memory 43. It is imperative to
note that the unencrypted key material 42 is not stored for
extended time duration at the key agent 40 but rather only the
encrypted key material EKM is stored in persistent storage.
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For example, the key agent 40 may store the unencrypted key
material 42 briefly or temporarily to enable the request for the
EKM but is not stored when the EKM has been received.

In the encryption key management system, the key agent
40 distributes the key material 42 to the network intermediary
25 to derive the local DEK of encryption of enterprise’s data.
The network intermediary 25 does not maintain a key storage
but rather only store the key material received from the key
agent 40 in cache memory. The key material expires after a
brief time period, such as 5 minutes, and is not stored on the
network intermediary. The key agent 40 is configured to
distribute the key material to the network intermediary on a
periodic basis, e.g. every 5 minutes.

At each time interval the key agent 40 needs to distribute
the key material, the key agent 40 requests the vaulted HSM
45 to decrypt the EKM (108). The key agent 40 then receives
the decrypted key material from the vaulted HSM (110). The
key agent 40 then distributes the key material to the network
intermediary 25 (112). Because the network intermediary 25
does not store the key material perpetually, the key agent 40
needs to refresh and redistribute the key material periodically
(114). When the key material valid time period expires, the
method 100 repeats at 108 where the key agent 40 again
requests the vaulted HSM to decrypt the EKM.

A feature of the encryption key management system of the
present invention is that the data encryption key (DEK) used
to encrypt the enterprise’s data is derived from a key encryp-
tion key (KEK) that is wholly under the control of the enter-
prise. When the enterprise wishes to revoke any previous
authorization, the enterprise may change the KEK. Once the
KEK is changed, the vaulted HSM 45 will not be able to
decrypt the previously encrypted EKM and the key agent will
no longer be able to generate key material for the network
intermediary. In some embodiments, the enterprise may rein-
state the authorization by starting at 102 of method 100 and
have the key agent 40 generates new key material.

As thus configured, the enterprise maintains control of the
KEK, the key agent generates key material that is being
passed to the network intermediary but the key material is not
stored anywhere in a persistent manner. The key agent stores
the key material in encrypted form (encrypted key material or
EKM). The network intermediary derives the data encryption
key (DEK) from the key material and uses the DEK for
encryption. The network intermediary only uses the key
material to generate the DEK but does not use the key material
for actual encryption.

In the above described embodiments, the enterprise data
network employs a hardware security module (HSM) to
maintain the enterprise’s encryption keys. In other embodi-
ments, a key server may be used to maintain the enterprise’s
encryption keys. FIG. 4 is a block diagram of an encryption
key management system in alternate embodiments of the
present invention. Referring to FIG. 4, the encryption key
management system is implemented in a key agent 40
deployed within the enterprise data network 10. The key
agent 40 is in communication with an on-premises key server
55. The key server 55 is running within the enterprise data
network 10 and stores the encryption keys of the enterprise
data network. A system administrator 49 of the enterprise
may manage the encryption keys stored in the key server 55.
Key server 55 provides an encryption key or key material in
response to a key request.

The encryption key management system manages the key
authentication as follows. The key server 55 has stored
therein one or more encryption keys 58. The encryption keys
58 are stored in the key server 55 and are never distributed
outside of the key server 55. In response to a key request from



US 9,413,730 B1

7

the key agent 40, the key server 55 provides an encryption key
as to the key agent as the key material KM. The key material
KM is to be distributed to the network intermediary 25. The
network intermediary 25 receives the key material and uses a
key derivation function (KDF) 28 to derive or generate a data
encryption key (DEK). The network intermediary 25 then
uses the DEK in the encryption of the enterprise’s data to be
stored on a cloud service. The network intermediary 25 also
uses the DEK in the decryption of the enterprise’s data
retrieved from a cloud service provider through the network
intermediary.

The network intermediary 25 stores the KM only in short-
term or temporary memory. The KM expires after a given
time duration and the network intermediary 25 must receive
updated key material (KM) provided by the key agent 40 in
order to continue to encrypt or decrypt data on behalf of the
enterprise. In some embodiments, the key agent 40 distributes
KM to the network intermediary 25 on a periodic basis, such
as every 5 minutes.

As thus configured, the DEK used by the network interme-
diary 25 is derived from the encryption key 58 that is brokered
from the enterprise by the key agent. Thus, the enterprise can
maintain the security of its encryption key while using the
network intermediary to provide encryption of data atrest. In
the event that the enterprise wishes to revoke the authoriza-
tion, the enterprise may simply revoke the encryption key 58
provided to the key agent 40. With the encryption key 58
revoked, all the DEK previously generated becomes invalid
and the network intermediary will no longer be able to
encrypt or decrypt data on behalf of the enterprise. The net-
work intermediary must receive new key material and once
again generates new DEK using the key derivation function
(KDF) and the new key material (or new encryption key 58).

The operation of the encryption key management system of
FIG. 4 will now be described with reference to the flowchart
in FIG. 5. FIG. 5 is a flowchart illustrating an encryption key
management method in alternate embodiments of the present
invention. In the present example, the encryption key man-
agement method is implemented at the key agent 40 which
can be implemented in software, hardware or both. The key
agent 40 is in communication with the key server 55 of the
enterprise which maintains an encryption key 58 of the enter-
prise.

Referring to FIGS. 4 and 5, the encryption key manage-
ment method 120 starts at 122 where the key agent 40
requests an encryption key as the key material from the key
server 55. The key agent 40 receives the encryption key to use
as the key material from the key server 55 (124). The key
agent 40 stores the key material 42 briefly or temporarily to
enable distribution of the key material but does not store the
key material in persistent memory. For example, the key agent
40 may store the key material 42 in a cache memory.

In the encryption key management system, the key agent
40 distributes the key material 42 to the network intermediary
25 to derive the local DEK of encryption of enterprise’s data.
The network intermediary 25 does not maintain a key storage
but rather only store the key material received from the key
agent 40 in cache memory. The key material expires after a
brief time period, such as 5 minutes, and is not stored on the
network intermediary. The key agent 40 is configured to
distribute the key material to the network intermediary on a
periodic basis, e.g. every 5 minutes.

At each time interval the key agent 40 needs to distribute
the key material, the key agent 40 distributes the key material
to the network intermediary 25 (126). Because the network
intermediary 25 does not store the key material perpetually,
the key agent 40 needs to refresh and redistribute the key
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material periodically (128). When the key material valid time
period expires, the method 120 repeats at 122 where the key
agent 40 again requests the key server 55 to provide an
encryption key as the key material.

In the above embodiments, the network intermediary is
described as supporting a single enterprise and providing
encryption and decryption services for that enterprise. In
practice, the network intermediary may be configured as a
cloud service provider supporting multiple enterprises, also
referred to as “tenants” of the network intermediary. Further-
more, the network intermediary may be implemented as two
or more network intermediaries using physically separated
proxy servers. In that case, a trust model is established
between the key agent and the network intermediaries so that
the key material (KM) for one enterprise is made available
only for specific elements provisioned on a network interme-
diary that have been trusted by the tenant to encrypt or decrypt
the tenant’s data. In some embodiments, the tenant estab-
lishes the trust model by provisioning of one or more network
services on a network intermediary.

Inthe following description, references to “a network inter-
mediary” refers to a single proxy server configured as a net-
work intermediary or two or more proxy servers configured as
two or more network intermediaries.

FIG. 6 illustrates the structure of the trust model between
the key agent and the network intermediary in the encryption
key management system in embodiments of the present
invention. Referring to FIG. 6, a network Intermediary 25 is
provisioned with network services (1-4) for each tenant and
each cloud service provider used by the tenant. For example,
an enterprise A, as a tenant A of the network intermediary,
may use two cloud services (e.g. Salesforce and Service-
Now). In that case, the network intermediary will be provi-
sioned with two network services for tenant A, one network
service for each cloud service provider (Cloud Service A and
Cloud Service B). In the case of multiple network intermedi-
aries, the same network service for a tenant and a cloud
service provider may be provisioned on one or more network
intermediaries.

Every network service is provisioned with a digital certifi-
cate or public key certificate to process data traffic through the
network service. The digital certificate is the electronic cre-
dentials that bind the identity of the network service to a pair
of electronic keys (public and private) that can be used to
encrypt information digitally. In one embodiment, the digital
certificate for each network service is created by the tenant/
enterprise and is rooted to tenant’s trusted root certificate.
Accordingly, each digital certificate is specific to the tenant/
enterprise that created the certificate.

In embodiments of the present invention, the on-premises
key agent 40 produces unique key material (KM) 42 for each
network service and distributes the key material to the net-
work intermediary by leveraging the digital certificate asso-
ciated with each specific network service. More specifically,
in some embodiments, the on-premises key agent 40 of an
enterprise encrypts the key material 42 using the public key
associated with the digital certificate of the network service.
The key agent 40 then sends the public-key-encrypted key
material to the network intermediary 25. As thus configured,
only the network intermediaries that the particular network
service is provisioned on will be able to decrypt the public-
key-encrypted key material and generate the data encryption
key (DEK). In particular, when a network intermediary
receives a public-key-encrypted key material, the network
service provisioned on that network intermediary having the
associated digital certificate will be able to decrypt the key
material using the private key associated with its own digital
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certificate. Other network services will not be able to decrypt
the public-key-encrypted key material.

Note that the public-key-encrypted key material is differ-
ent from the encrypted key material (EKM) in the case where
an HSM is used. The EKM is an encrypted key material stored
at the key agent 40 and is encrypted by the KEK of the
enterprise. As described above with reference to FIG. 2, each
time the key agent 40 is to distribute key material to the
network intermediary, the key agent 40 sends the EKM to the
HSM 45 of the enterprise to request decryption of the EKM.
The decrypted key material is then received by the key agent
40. Then, in accordance with the trust model described
herein, the key agent 40 encrypts the key material using the
public key associated with the digital certificate of the par-
ticular network service. The public-key-encrypted key mate-
rial is then sent to the network intermediary 25.

Accordingly, by using the trust model with public-key-
encrypted key material, an enterprise can be ensured of data
security when employing the network intermediary to
encrypt cloud data on behalf of the enterprise. The enterprise
can be assured that even when the network intermediary is a
cloud based service hosting other tenants, the enterprise’s
data and encryption key are secured and not accessible by
other tenants of the network intermediary.

Encryption Service in the Cloud

In some cases, the enterprise may employ the services of
cloud service providers running applications for the enter-
prise. For example, the enterprise may employ the service of
an information technology cloud service provider. In that
case, the cloud service provider needs to receive data from the
enterprise in the clear so the cloud service provider can pro-
cess the data on behalf of the enterprise. The original or
processed data of the enterprise may then be stored at the
cloud service provider. The use of these types of cloud service
providers prevents the enterprise from encrypting its data
when being uploaded to the cloud service providers.

According to another aspect of the present invention, the
network intermediary provides a cloud-based encryption ser-
vice for one or more cloud service providers to enable the
cloud service providers to encrypt data at rest using enterprise
managed encryption keys. In some embodiments, the net-
work intermediary derives a data encryption key (DEK) from
an enterprise managed encryption key or key material. The
network intermediary derives a data encryption key for the
enterprise and provides the data encryption key to the encryp-
tion service. After data processing, one or more cloud service
providers used by the enterprise may access the encryption
service to encrypt data belonging to the enterprise using the
data encryption key associated with the enterprise. The cloud
service providers receive encrypted data from the encryption
service for storage. In this manner, the enterprise is ensured
that data stored at rest at one or more cloud service providers
is encrypted.

An advantage of the cloud-based encryption service of the
present invention is that the one or more cloud service pro-
viders used by an enterprise has seamless access to the cloud-
based encryption service provided by the network intermedi-
ary to encrypt data on behalf of the enterprise. Meanwhile, the
encryption service uses a data encryption key (DEK) that is
managed by the enterprise. Accordingly, the enterprise can
ensure that the enterprise’s cloud data stores across any num-
ber of cloud service providers are encrypted according to an
enterprise managed encryption key.

Another advantage of the cloud-based encryption service
of'the present invention is that since the encryption service is
attached to the network intermediary, it is possible to encrypt/
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decrypt data using the encryption service and or encrypt/
decrypt data using the network intermediary, which provides
flexibility to the enterprise.

Inthe following description, the term “data” will be used to
refer to data or files in any format that is being exchanged in
the network environment described herein.

FIG. 7 is a block diagram of a network intermediary incor-
porating an encryption service in embodiments of the present
invention. Referring to FIG. 7, a network intermediary 65
may be configured to communicate with an enterprise data
network 10 to intercept network traffic from the enterprise
data network and to forward the network traffic to cloud
service providers. In the present embodiment, the enterprise
relies on the network intermediary to perform encryption of
data being forwarded to the cloud service providers. In
embodiments of the present invention, the enterprise data
network 10 implements the encryption key management sys-
tem described above to maintain control of the enterprise’s
encryption key. The key agent 14 deployed in the enterprise
data network 10 distributes the key material (KM) periodi-
cally to the network intermediary 65. The generation and
distribution of the key material is described above with ref-
erence to FIGS. 2 to 5, using either a key server or an HSM.
The network intermediary 65 uses a key derivation function
(KDF) 28 to derive or generate a data encryption key (DEK).

The network intermediary has implemented therein an
encryption service 70. The encryption service 70 receives the
data encryption key (DEK) and performs encryption or
decryption of data in response to calls from external systems.

Some cloud services, such as salesforce.com, Box.com, or
Service Now, process data received from the enterprise before
storage. If the enterprise’s data is not received in the clear or
if the cloud service providers do not have access to the enter-
prise’s data in the clear, then the cloud service providers will
not be able to process the data. In embodiments of the present
invention, the network intermediary 65 forwards the data to
one or more cloud service providers 31-33 in the clear, that is,
unencrypted. The providers 31-33 then have access to the
actual data from the enterprise and may apply the appropriate
workflow to the data and process the data. After processing of
the data and before the data is stored in the cloud service
providers’ database, the providers encrypt the data by calling
the encryption service 70. The providers provide data to be
stored in clear text and the encryption service 70 encrypts the
data and generates encrypted data for the cloud service pro-
viders. The cloud service providers 31-33 can then store the
encrypted data. In this manner, the cloud service providers
have access to the enterprise’s data in the clear to perform
needed processing and take needed actions. Meanwhile, the
cloud service provider is able to store the enterprise data
encrypted at rest to ensure security.

One advantage of the encryption service 70 in the network
intermediary 65 is that the encryption service 70 is not juris-
dictional and any cloud service providers being used by the
enterprise may make calls to the encryption service to encrypt
data on behalf of the enterprise. Furthermore, when the enter-
prise implements the encryption key management system and
method described above, the enterprise maintains control of
the key encryption key being used and the enterprise’s key
encryption key is not provided to the network intermediary or
the encryption service. Accordingly, the encryption service
70 provides seamless access by multiple cloud services pro-
viders used by an enterprise and enables the enterprise’s data
to be stored on multiple cloud services using enterprise man-
aged encryption keys.

When the encrypted data need to be retrieved, the cloud
service providers 31-33 may again request the encryption
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service 70 to decrypt the data. The providers 31-33 may then
provide the decrypted data to the network intermediary to be
sent to the enterprise data network.

In some embodiments, the encryption service 70 imple-
ments per-tenant access authorization. The authentication
between the cloud service provider and the encryption service
requires a credential that is associated with the tenant.

FIG. 8 is a flowchart of a method in a network intermediary
providing encryption service embodiments of the present
invention. Referring to FIG. 8, a method 150 starts where the
network intermediary generates or derives a data encryption
key from a key material received form a key agent of the
enterprise (152). The network intermediary provides the
DEK to a cloud-based encryption service (154). The network
intermediary receives data in clear text from the enterprise
data network (156). The network intermediary forwards the
data in clear text to a cloud service provider (158). The cloud
service provider may process the data, such as by application
of a workflow to the data.

Then the encryption service of the network intermediary
receives a request from the cloud service provider to encrypt
one or more data (160). The encryption service generates
encrypted data using the DEK previously derived (162). The
encryption service provides the encrypted data to the
requested cloud service provider (164).

Although the foregoing embodiments have been described
in some detail for purposes of clarity of understanding, the
invention is not limited to the details provided. There are
many alternative ways of implementing the invention. The
disclosed embodiments are illustrative and not restrictive.

What is claimed is:

1. A method of performing cloud-based encryption of data
on behalf of an enterprise operating an enterprise data net-
work using an enterprise managed encryption key, compris-
ing:

generating, using a key agent deployed within the enter-

prise data network, an original key material;

storing the original key material on the key agent in a

temporary memory;

generating, using the key agent, a request to a hardware

security module to encrypt the original key material,
wherein the hardware security module encrypts the
original key material using the enterprise managed
encryption key being available only within the enter-
prise data network;

receiving at the key agent an encrypted key material from

the hardware security module;

storing the encrypted key material on the key agent in a

persistent memory;
generating, using the key agent, a request to the hardware
security module to decrypt the encrypted key material,
wherein the hardware security module decrypts the
encrypted key material using the enterprise managed
encryption key being available only within the enter-
prise data network;
receiving at the key agent a decrypted key material;
storing the decrypted key material on the key agent in a
temporary memory for a first time period associated
with a valid time period for the decrypted key material;

transmitting the decrypted key material from the key agent
to a proxy server deployed outside of the enterprise data
network;

storing the decrypted key material on the proxy serverin a

temporary memory for the first time period;
generating, using the proxy server, a data encryption key
using the decrypted key material, the data encryption

10

15

20

25

30

35

40

45

50

55

60

65

12

key being used to perform cloud-based encryption of
data on behalf of the enterprise; and

in response to the expiration of the first time period, repeat-
ing the generating, using the key agent, the request to the
hardware security module to decrypt the encrypted key
material to the generating, using the proxy server, the
data encryption key using the decrypted key material.

2. The method of claim 1, further comprising:

removing the original key material from the temporary
memory of the key agent after generating a request to a
hardware security module to encrypt the original key
material, the original key material becoming unavailable
after receiving the encrypted key material from the hard-
ware security module.

3. The method of claim 1, wherein receiving an encrypted

key material from the hardware security module comprises:
receiving the encrypted key material from the hardware
security module, the original key material being
encrypted using an encryption key residing within the
enterprise data network or under the control of the enter-
prise.

4. The method of claim 1, wherein generating, using the
proxy server, a data encryption key using the decrypted key
material comprises:

generating, using a key derivation function, the data
encryption key using the decrypted key material.

5. The method of claim 1, further comprising:

transmitting the data encryption key to a cloud-based
encryption service;

receiving at the proxy server clear text data;

transmitting the data to a cloud service provider for pro-
cessing;

receiving, at the encryption service, a request from the
cloud service provider to encrypt data;

generating, using the encryption service, encrypted data in
response to the request from the cloud service provider;
and

transmitting the encrypted data to the cloud service pro-
vider.

6. A system for performing cloud-based encryption of data
on behalf of an enterprise operating an enterprise data net-
work using an enterprise managed encryption key, compris-
ing:

a key agent deployed within the enterprise data network,
the key agent being configured to generate an original
key material, store the original key material in a tempo-
rary memory, generate a request to a hardware security
module to encrypt the original key material where the
hardware security module encrypts the original key
material using the enterprise managed encryption key
being available only within the enterprise data network,
receive an encrypted key material from the hardware
security module, store the encrypted key material in a
persistent memory, generate a request to the hardware
security module to decrypt the encrypted key material
where the hardware security module decrypts the
encrypted key material using the enterprise managed
encryption key being available only within the enter-
prise data network, receive a decrypted key material,
store the decrypted key material in a temporary memory
for a first time period; and

a proxy server deployed outside of the enterprise data
network, the proxy server being configured to receive
the decrypted key material from the key agent, store the
decrypted key material in a temporary memory for the
first time period, and generating a data encryption key
using the decrypted key material, the data encryption
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key being used to perform cloud-based encryption of
data on behalf of the enterprise,

wherein the proxy server is configured to repeat receiving
the decrypted key material from the key agent and gen-
erating the data encryption key using the decrypted key
material in response to the expiration of the first time
period.

7. The system of claim 6, wherein the key agent is config-
ured to repeat generating a request to the hardware security
module to decrypt the encrypted key material in response to
the expiration of a first time period.

8. The system of claim 6, wherein the key agent is further
configured to remove the original key material from the tem-
porary memory of the key agent after generating a request to
a hardware security module to encrypt the original key mate-
rial, the original key material becoming unavailable after
receiving the encrypted key material from the hardware secu-
rity module.

9. The system of claim 6, wherein the key agent receives the
encrypted key material from the hardware security module
where the key material is encrypted using an encryption key
residing within the enterprise data network or under the con-
trol of the enterprise.

10. The system of claim 6, wherein the key agent and the
proxy server store the decrypted key material in the respective
temporary memory for the first time period associated with a
valid time period for the decrypted key material; and wherein
in response to the expiration of the first time period, the key
agent is configured to repeat generating a request to the hard-
ware security module to decrypt the encrypted key material
and the proxy server is configured to repeat receiving the
decrypted key material from the key agent to generating the
data encryption key using the decrypted key material.

11. The system of claim 6, wherein the proxy server gen-
erates the data encryption key using the decrypted key mate-
rial and a key derivation function.

12. The system of claim 6, wherein the hardware security
module comprises a physical hardware security module
deployed within the enterprise data network.

13. The system of claim 6, wherein the hardware security
module comprises a virtual hardware security module asso-
ciated with the enterprise data network.

14. The system of claim 6, further comprising:

a cloud-based encryption service deployed at the proxy
server, the cloud-based encryption service is configured
to receive the data encryption key, receive a request from
a cloud service provider to encrypt data, generate
encrypted data in response to the request from the cloud
service provider, and transmit the encrypted data to the
cloud service provider.
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15. A method of performing cloud-based encryption of
data on behalf of an enterprise operating an enterprise data
network using enterprise managed encryption keys, compris-
ing:

generating, using a key agent deployed within the enter-

prise data network, a request to a key server to request an
encryption key as key material, wherein the key server
selects the encryption key from the enterprise managed
encryption keys available only within the enterprise data
network;

receiving from the key server the encryption key to use as

the key material;

storing the key material on the key agent in a temporary

memory for a first time period associated with a valid
time period for the key material;

transmitting the key material from the key agent to a proxy

server deployed outside of the enterprise data network;
storing the key material on the proxy server in a temporary
memory for the first time period; and

generating, using the proxy server, a data encryption key

using the key material, the data encryption key being
used to perform cloud-based encryption of data on
behalf of the enterprise; and

in response to the expiration of the first time period, repeat-

ing the generating, using the key agent, the request to a
key server to request an encryption key as key material to
the generating, using the proxy server, the data encryp-
tion key using the key material.

16. The method of claim 15, further comprising:

removing the key material from the temporary memory of

the key agent after the first timer period.

17. The method of claim 15, wherein generating, using the
proxy server, a data encryption key using the key material
comprises:

generating, using a key derivation function, the data

encryption key using the key material.

18. The method of claim 15, further comprising:

transmitting the data encryption key to a cloud-based

encryption service;

receiving at the proxy server clear text data;

transmitting the data to a cloud service provider for pro-

cessing;

receiving, at the encryption service, a request from the

cloud service provider to encrypt data;

generating, using the encryption service, encrypted data in

response to the request from the cloud service provider;
and

transmitting the encrypted data to the cloud service pro-

vider.



